Abstract. Introduction. Drinking waters usually contain several natural radionuclides: tritium, radon, radium, uranium isotopes, etc. Their concentrations vary widely since they depend on the nature of the aquifer, namely, the prevailing lithology and whether there is air in it or not. Aims. In this work a broad overview of the radioactivity in drinking water is presented: national and international regulations, for limiting the presence of radioactivity in waters intended for human consumption; results of extensive campaigns for monitoring radioactivity in drinking waters, including mineral bottled waters, carried out throughout the world in recent years; a draft of guidelines for the planning of campaigns to measure radioactivity in drinking water proposed by the Environmental Protection Agency (ARPA) of Lombardia.
INTRODUCTION
Radionuclides of natural origin are normally present in different amounts in drinking water. They are released from rocks and minerals which form the aquifer as happens with other cations and anions: processes of erosion and dissolution bring radioactive elements from rocks into the water [1] . Some common natural radioelements are those from the uranium-238 chain, a natural radioactive series of many radionuclides, one descending from the other. The most relevant are uranium-238 ( U, are often the most abundant radionuclides in water. The occurrence of ( 222 Rn) may be important too; indeed, because of its moderate solubility in water, it rises mostly by emanation from inner soil layers rather than from the decay of the dissolved parent ( 226 Ra). In spite of the fact that the activity concentration of 222 Rn in freshly drawn water may be more than two orders higher than that of other radionuclides, it readily diminishes as a result of both desorption and physical decay.
Another crucial radioactive family is the thorium-232 series. Thorium is 3-4 times more abundant than uranium in the earth's crust, but owing to its poor solubility it scarcely occurs in waters. Radium-228 ( 228 Ra) belongs into this series and it may become a critical contaminant, as its radiotoxicity is relatively high.
Potassium-40 ( 40 K or K-40) is also a widespread radionuclide. It is a beta-gamma emitter of primordial origin and goes along stable potassium in a fixed ratio (31.3 Bq per gram of stable potassium). Tritium ( 3 H, H-3 or T) is a cosmogenic radionuclide; it is a hydrogen isotope formed in the high atmosphere. It occurs in rainfalls as tritiated water (HTO) at a concentration of roughly 5 Bq/l. It can be also produced by anthropogenic activities (research and nuclear facilities). It can reach the aquifers along their recharge process, but its concentration progres-radioactiVity in drinking water HealtH risks from water and new cHallenges for tHe future sively decreases due to its relatively short decay time (t 1/2 = 13 years). Tritium has a low radiotoxicity. In fact its dose coefficient is three orders of magnitude lower than the coefficients of the natural chain radionuclides [2] .
Besides natural radioactivity, exposed water reservoirs can be contaminated by artificial radionuclides (i.e. rivers and lakes by radioactive fallout caused by accidents or nuclear explosions) and for these reasons, allowed levels of artificial radionuclides in case of emergency have been set. A recent example is drinking waters in Tokyo during the Fukushima accident [3] . In routine situations, reference levels -chosen to give a non-significant dose to the population -are set much lower than emergency levels.
There is also contamination by natural radionuclides caused by human activity, where those radionuclides have been concentrated by non-nuclear industrial processes (e.g. mining, coal combustion, fertilizer production, etc.).
BASICS OF NATURAL RADIOACTIVITY TRANSFER TO WATER
In the rock lattice all elements belonging to the same radioactive series are in secular equilibrium (their activity is the same). However, the radionuclide sorption from the rock and the following stability as solutes is ruled by complex chemical-physical mechanisms and by the individual characteristics of radioelements. Thus, the secular equilibrium is lost for dissolved radionuclides and their concentrations in water are rather independent one from each other. Some general behaviour rules for radioactive elements are given here, mainly gathered from extensive studies run in the US [1, 4] : -radionuclides produced by alpha decay are more readily driven out from rock: alpha decay causes the atom to recoil, which reduces atom stability in the lattice (i. 226 Ra on the local geology is not so sharp due to the higher mobility of the radionuclide and of the parent 238 U; -in roughly geologically homogeneous areas, a linear dependence between radium isotope concentration and total dissolved solids can often be found; -radionuclide concentration is higher in ground water than in surface water.
NATIONAL AND INTERNATIONAL REGULATIONS
Many national and international institutions have published rules -mandatory or not -that carry the intent of managing the question of radioactivity in drinking water. A short review of the most significant ones is hereby presented.
World Health Organization (WHO)
WHO guidelines for drinking water suggest performing an indirect evaluation of individual dose criterion (IDC) of 0.1 mSv/y by measuring gross alpha and beta radioactivity and checking compliance of radionuclide activity concentration to derived guidance levels [2] .
Once an IDC of 0.1 mSv from 1 year's consumption of drinking water has been adopted, the recommended assessment methodology for controlling radionuclide health risks from drinking water involves three steps [2] : -initial screening is undertaken for both gross alpha activity and gross beta activity. If the measured activity concentrations are below the screening levels of 0.5 Bq/l for gross alpha activity and 1 Bq/l for gross beta activity, no further action is required; -if either of the screening levels is exceeded, the concentrations of individual radionuclides should be determined and compared with the guidance levels (see Table 9 .2 in [2] ); -the outcome of this further evaluation may indicate that no action is required or that further evaluation is necessary before a decision can be made on the need for measures to reduce the dose.
HealtH risks from water and new cHallenges for tHe future A specific guidance level is indicated for uranium. In fact, "The provisional guidance value for total content of uranium in drinking water is 30 μg/l based on its chemical toxicity, which is predominant compared with its radiological toxicity" [2] .
European Union
Non-emergency situations Concern about the total content of radionuclides in drinking water was brought to public attention by Council Directive 98/83/EC on the quality of water intended for human consumption. The directive requires Member States to monitor the concentrations of radionuclides in public drinking water [5] and sets parametric values of 100 Bq/l and 0.1 mSv/ y for tritium activity concentration and total indicative dose (TID), respectively. The Directive sets out that TID must be evaluated excluding tritium, 40 K, 14 C, ( 222 Rn) and its decay products, but including all other natural series radionuclides. The Directive also reports an important note (Note 10 of radioactivity Table in [2] ): "A Member State is not required to monitor drinking water for tritium or radioactivity to establish total indicative dose where it is satisfied that, on the basis of other monitoring carried out, the levels of tritium and of the calculated total indicative dose are well below the parametric value. In that case, it shall communicate the grounds for its decision to the Commission, including the results of this other monitoring carried out". For example, when it is well known that a possible source of tritium is not present in the area of interest, monitoring of this radionuclide is not needed.
In 2001 this Directive was transposed into national law in Italy [6] . It is important to point out that neither Directive 98/83/EC nor the Legislative Decree (DL.vo 31/01) which transposes it in Italy apply to all bottled waters other than mineral waters. The increasing use of mineral waters can pose radiation protection problems as they are generally richer in natural radioactivity than tap water is, but many people perceive and consume them as if they were tap water (e.g. to prepare baby/infant formula milk). For this reason mineral waters have been monitored in some Italian Regions (see par. on monitoring campaign).
Tritium determination follows a well-established procedure, standardized by the International Standard Organization [7] . Conversely, total indicative dose evaluation requires more specific and cumbersome procedures for the measurement of the radioactivity content, with special regard to natural series radionuclides. The large number of possibly involved radionuclides and the high sensitivities required make the application of traditional analytical techniques unsuitable for large scale monitoring programs.
Maximum concentration values for radon and its decay products, out of the application field of the directive, were separately proposed in Commission Recommendation 2001/928/Euratom [8] . It is worthwhile remembering that the reference values for 222 Rn and its short life decay products are not mandatory. Table 1 shows a summary of the European regulations.
On 17 April 2012, a new Council Directive "laying down requirements for the protection of the health of the general public with regard to radioactive substances in water intended for human consumption" was submitted to the European Parliament for final approval [9] . This new regulation introduces important novelties with respect to Directive 98/83/EC [5] , namely; 1) it regulates Rn and its decay products; 2) it reports general principles and monitoring frequencies for water, and screening levels for gross alpha and beta activities; 3) it explains the method of TID calculation; 4) it provides a list of the activity concentrations of the most common natural and artificial radionuclides to comply with a TID of 0.1 mSv per year; 5) for said radionuclides, it provides requirements on detection limits of the analytical methods utilised.
Accidents and emergency situations
After the Chernobyl accident, the European Union set maximum permitted levels of radioactive contamination of foodstuffs in case of a radiological emergency. Maximum reference levels were proposed separately for alpha-emitting artificial radionuclides and beta-and/or gamma-emitting artificial radionuclides in drinking water [10] . These values will be in force in any case of an emergency situation ( Table 2) . Special legislations have been issued to regulate import from Japan in the aftermath of the Fukushima accident. These official initiatives of the European Commission [11, 12] were necessary to align the EU levels with the significantly lower Japanese ones, estimated to determine 5 mSv/y (1 mSv/y from drinking water). One year after the accident, Japanese authorities reduced the dose goal to 1 mSv/y (0.2 mSv/y from drinking water); consequently, the European Commission issued a new regulation [13] . Table 3 reports levels for liquid foodstuffs.
Some remarks are necessary here. First of all, the cited regulations -issued after the Fukushima accident -only concern import from Japan [11] [12] [13] . This means that in case of an emergency situation coming from a EU or non-EU country, Regulation 3954/87 [10] is automatically enforced (see Table 2 ). Secondly, the total amount of Japanese liquid foodstuffs to be assimilated to drinking water and imported into the European Union is actually small (around 2% of food imports); which means that the adoption of levels well below those which would be applied in EU in case of radiological emergency does not determine a significant problem of import and marketing. Finally, from a radiation protection point of view, in the authors' opinion, Japan's conservative maximum levels should kindle the revision of the EU emergency maximum levels in foodstuffs.
US Environmental Protection Agency (USEPA)
In 2000 the US Environmental Protection Agency [14] published the final rule about radionuclides in drinking water. In this regulation, maximum contaminant level goals (MCLGs), maximum contaminant levels (MCLs), and monitoring, reporting, and public notification requirements for radionuclides are given. The rule is only applicable to community water systems. MCLGs (non-enforceable healthbased targets) are zero for all radionuclides, based on the no-threshold cancer risk model for ionizing radiation. The other requirements are summarised in Table 4 .
The regulation also reports requirements for the detection limits of all radionuclides, and indicates the best measurement techniques (see Table 5 ).
AVAILABLE RESULTS OF MONITORING CAMPAIGNS
From the beginning of the '80s, wide monitoring campaigns for assessing the natural radioactivity in drinking waters have been run in United States [15] [16] [17] [18] . Results have been summarized by J. Longtin [4] . Mostly uranium isotopes, Subsequently extensive studies have been performed both on ground waters feeding public water resources [19] [20] [21] [22] , and on spring or bottled mineral waters [23] [24] [25] [26] [27] [28] [29] [30] [31] . Many other studies are available, including reports by national authorities [32] [33] [34] .
In Italy the first papers on radioactivity in waters were published starting from the '60s [35, 36] . One or Other radionuclides and photon/gamma emitters 1⁄10 th of the rule HealtH risks from water and new cHallenges for tHe future two decades later extensive studies were done mainly by the Milano University team [37] [38] [39] [40] [41] [42] [43] [44] . Afterwards, public agencies for environmental monitoring started the surveillance of water resources [45] [46] [47] . In the meantime systematic campaigns for assessing levels of radon in waters started as well [48] . Since 1996 the Environmental Protection Agency of Lombardia (ARPA Lombardia) has performed detailed studies on radioactivity in both mineral and tap waters [49] [50] [51] [52] [53] [54] [55] . Radiometric data on drinking waters are available for central Italy too [56] [57] [58] [59] [60] [61] .
Worldwide survey results show a wide variability in the absolute concentrations of natural radionuclides (which usually follow a lognormal distribution). If freshly drawn tap water is considered, the highest radioactivity concentration is generally due to 222 Rn, which is 2-3 orders higher than for other radionuclides. Nevertheless, due to both ease of desorption and physical decay, its concentration rapidly decreases and is significantly lower if sampling is made at the delivery point (in-house water tap) or negligible in bottled water. If the total exposure due to drinking water is calculated, 222 Rn can be generally responsible of the largest dose fraction, mainly by the inhalation pathway [34] .
Among non-volatile radionuclides (thus excluding   222 Rn), the uranium isotopes often show the highest activity concentrations but, given their relatively low conversion factor, their contribution to the total dose is low [62] . The highest dose fraction is often attributable to radium isotopes (  226 Ra and   228 Ra), especially when lower age classes are taken into account. In some cases the major contribution is due to 210 Pb and 210 Po [33, 34] . Crucial for radioprotection, the problem of radium contamination has been widely examined. The presence of radium isotopes in groundwater is highly variable; the concentrations of 226 Ra, and sometimes those of 228 Ra, may exceed 1 Bq/l, but in most cases they are associated with thermal springs, mineral water or drilled wells. Very few examples are found of aqueducts contaminated by radium [63] . In Finland many investigations have been carried out even in recent times [32, 64] . The problem of radium concerns only private wells and to a limited extent: 4% of the examined wells exceeded 500 mBq/l of 226 Ra and 1% exceeded 200 mBq/l of 228 Ra concentration. In Sweden [65] a considerable number of private drilled wells (47%) exceeds the national limit (185 mBq/l for total radium). Measurements carried out in Western Spain [66] showed that in 13% of drilled wells 226 Ra exceeded 1 Bq/l, with a maximum value of 9.3 Bq/l, but dug wells exhibited much lower radium levels. In Extremadura, close to Portugal, small aqueducts carry water with 226 Ra content up to 720 mBq/l and mitigation processes have been considered [67] . Radium monitoring in water resources has been accomplished in many other countries [33, 51, [68] [69] [70] [71] [72] [73] [74] . Interesting cases are found in Middle East. In some dry areas in the south of Israel [75] , the wide Nubian sandstone aquifer produces water with radium activities exceeding national regulation limits, which are in substantial agreement with WHO screening criteria. In any case, in such dry areas there are few alternative resources. In southern Jordan, nearby the cited area, the possibility of exploitation of this fossil, non-renewable aquifer has been studied [76] .
Ra, respectively, have been found with highly variable ratios.
As for the USA, nearly 80% of the 60 000 water supplies in the country use ground water sources, and 90% of them serve less than 3300 people. In general radium was found to be a problem for some small aqueducts. A screening level of 185 mBq/l for gross alpha activity and 110 mBq/l for 226 Ra was used: non-compliances were found mainly in SouthEast coastal regions (New Jersey, North Carolina, South Carolina, Georgia) and in the North-Central regions (Minnesota, Iowa, Illinois, Missouri and Wisconsin) [4] . Those non-compliances were mainly due to 226 Ra and the average radium isotope concentration was 370 mBq/l. In South Carolina approximately 3% of the ground water supplies exceeded the 185 mBq/l value, reaching the values of 980 and 440 mBq/l for 226 Ra and 228 Ra, respectively. In Iowa radium concentrations up to 1.8 Bq/l (before treatment) were reported for a public water supply [63, 77] . As a consequence, a number of aqueducts adopted specific treatments for radium mitigation in drinking waters.
If we consider the above literature data, radium levels comparable with derived levels ( 226 Ra > 500 mBq/l or 228 Ra > 200 mBq/l) [62] are seldom found in public water resources. Most cases are related to private drilled wells (especially in Scandinavia) and to mineral or thermal water, whose consumption is optional. In some areas (e.g. Australia) local uranium mining may cause water contamination but it does not concern drinking water resources. Aqueducts using ground water normally exhibit low radium levels even in areas whose prevailing geology is supposed to be favourable to the radiological contamination of waters. Situations in which radium levels are high and water treatment is necessary for Ra removal are spatially limited exceptions. One remarkable example is Estonia, where aqueducts in the North are fed by aquifers very rich in radium isotopes [78] [79] [80] . This gave rise to a high number of non-compliances with the national regulation, since Estonia national law adopted a TID value of 0.1 mSv/year [5] as a limit. The highest radium concentrations are known to be found in the oldest and deepest Estonian aquifer [81] , the Cambrian-Vendian (Cm-V). This aquifer becomes shallower in northern Estonia, close to the coastal area, where it is widely used as a drinking water reservoir. Being the most populated area as well, the radioprotection concern involves a high percentage (22%) of the Estonian population, roughly estimated in 250 000 people [82] . This recent study shows that doses to the younger population often exceed the value of 1 mSv/year in, up to 12 mSv/year. The potential impact on human health drove the European Commission to establish a cooperation agreement between Italy and Estonia in order to better understand the situation and implement remedial actions [82] .
GUIDELINES DRAFT
While waiting for the new, more detailed EU directive [9] , in the Annex a draft of guidelines for the planning of campaigns to measure radioactivity in drinking water proposed by ARPA Lombardia (Environmental Protection Agency of Lombardia) [83] 
Legislative Decree 31/01 (DL.vo 31/01)
As regards radioactivity in drinking water, DL.vo 31/01 requires the compliance with the limits of two parameters, i.e., the concentration of tritium (H-3) and the value of the total indicative dose, TID (Table A1) . Tritium is a radionuclide of both natural and artificial origin. As already said, tritium is produced by the interaction of cosmic radiation with the upper atmosphere, enters the water cycle and is normally found in drinking water at concentrations of about some Bq/l. Sources of anthropogenic tritium are some types of research and nuclear facilities. TID depends on the amount of radiation absorbed by the body after the ingestion of radioactive substances contained in water; it is measured in mSv/year. The dose from ingestion is normally estimated by multiplying the values of radioactivity concentration in water by specific conversion coefficients that depend on the type of radioactive substance. Dose assessment requires the measurement of all the radioactive isotopes present in the water, excluding the contribution of tritium, potassium-40, radon-222 and its decay products. This method of investigation, however, is extremely costly because it requires a great amount of time and resources (the amounts of radioactivity to be searched for are very small, which requires the use of very sensitive analytical techniques). It is therefore not applicable to a large number of samples. In order to compensate for the lack of measurement methodologies and protocols in DL.vo 31/01 − and while waiting for the more detailed, new EU directive [9] −, some indications for starting a survey are presented, which account for approaches already adopted by some international organizations [2] and discussions held within the European context [84] .
The Italian scenario
In Italy numerous studies on the content of radon-222 in water, explicitly excluded from the scope of the DL.vo 31/01 [6] , indicate that the concentration of this radionuclide is always less than 100 Bq/l [38, 47, 86, 87] , with some exceptions in the pre-alpine and alpine areas.
For some years now, periodic assessments of the artificial radionuclide contamination of drinking water are in place in several Regions. Unfortunately, such data are not sufficient to assess the parameters required by the DL.vo 31/01 because they are acquired by gamma spectrometry, a method which does not measure pure alpha-or beta-emitting radionuclides − in particular uranium and radioisotopes −, and often shows insufficient analytical sensitivity. Surveys of radioactivity in waters, valid also for DL.vo 31/01 requirements, were carried out in Lombardy [53] . Sporadic measurements of tritium were conducted in other Regions.
Proposals for planning surveys under Legislative Decree 31/01
Control surveys of radioactivity in water should be planned, accounting for the fact that the levels of radioactivity to be measured are very low: some mBq/l or fractions of mBq/l of strontium-90 and cesium-137, some Bq/l of tritium, from few mBq/l to a few hundred mBq/l for gross alpha and beta activity, and radium, uranium and thorium isotopes. Analytical methods must thus be higly sensitive, and turn out to be onerous in terms of time and human efforts. This is why radioactive control plans cannot match plans already in place to evaluate chemical and microbiological parameters, which surely have a higher number of samples per year. Moreover, since the most substantial contribution to total radioactivity in water is of natural origin (except in the case of accident or in the presence of important anthropogenic sources) [14, 88] , the radioactivity content in water is unlikely to change significantly over time. The frequency of inspections, therefore, does not necessarily have to follow DL.vo 31/01 requirements for non-radiometric parameters. Furthermore, as already proposed in some international documents [2] and during discussions at the European level, a procedure to perform an initial screening of the gross alpha and beta activity concentration is hereby presented. This method is less complex and less costly than single radionuclide measurements, can be carried out on a large number of samples, and provides useful indications on the total radioactivity content of the water. The suggestions provided in this document about application times and procedures for measurement surveys are provisional, in waiting for the new European Union Directive [9] and its transposition into national law.
Types of survey and analytical parameters to be determined
Two types of investigation are proposed: A) screening activity to evaluate the total radioactivity content of the water. This type of investigation utilizes relatively simple protocols of analysis, and is applicable to quite a large number of samples. The analytical parameters to be determined are: 1. gross alpha activity; 2. gross beta activity; 3. tritium, if any; the measurement of this parameter is required only in cases where there are human activities sources of tritium within the catchment basin of the aquifers used for drinking water. B) in-depth investigations to detect and quantify individual radionuclides in drinking water. This type of investigation needs particularly complex and expensive protocols of analysis, and is applicable to a limited number of samples. Besides gross alpha, gross beta and tritium activity -already measured during screening -the analytical parameters to be determined are: a. uranium isotopes (mostly uranium-238 and uranium-234; the contribution of uranium-235 is normally negligible) which, together with radium isotopes, are the natural radionuclides mainly contributing to natural radioactivity in water; b. radium isotopes (radium-226 and radium-228) because they are highly radiotoxic [2] and, together with uranium isotopes, are the natural radionuclides mainly contributing to natural radioactivity in water; c. thorium isotopes. Thorium is seldom present in significant amounts in water and only when in the catchment basin there are rocks with high thorium-232 concentrations [1] ; d. artificial radionuclides (gamma emitters, strontium-90 and plutonium isotopes), which must be investigated where local sources of anthropogenic pollution are known to be located. In this case the analysis should be carried out with sufficient analytical sensitivity. For example, when searching for gamma-emitter radionuclides by gamma spectrometry, it is normally necessary to preconcentrate sample volumes of at least some tens of litres. In order to improve the interpretation of analytical results it may be necessary to determine the concentration of potassium-40, which is normally estimated by measuring the chemical content of potassium and using the stable isotopic abundance in the natural mixture of potassium (27.6 Bq of beta activity per gram of total potassium [2] ). The complete characterization of water would also require the measurement of radon-222, lead-210 and polonium-210 concentrations, even though DL.vo 31/01 explicitly excludes these parameters.
Areas of investigation and control points
The following criteria for the selection of investigation areas at the regional level are proposed: A) screening investigations should be conducted at all main regional waterworks or collection points that supply water to a significant fraction of population. However, at least three points of investigation for each province should be identified and this kind of investigations should be carried at least in each regional capital. Sampling should be preferably performed in delivery points, i.e. taps normally used for human consumption; a sampling is also proposed for each "supply area" (as defined in Annex II of the DL.vo 31/01: "A supply area is a geographically defined area within which water intended for human consumption comes from one or more sources, and its quality may be considered substantially uniform"). In the presence of particularly complex aqueducts, with multiple distribution centres, it may be difficult to clearly identify supply areas; in this case it is suggested to run the sampling in one delivery point for each plant.
B)
In-depth investigations could be carried out, at the regional level, in selected areas on the basis of one or more of the following reasons: a. in areas with known geological and hydrogeological characteristics, and where natural background levels of radioactivity are assessed to be above the regional average, for example, in terms of indoor radon concentration, radon concentration in water, natural radionuclides concentration in rocks, etc. Once the absence of known events of contamination from human activities has been verified on the basis of existing information, radioactivity should be assumed to be only natural and, therefore, in-depth investigations will be limited to natural radionuclides (isotopes of uranium and radium; thorium should be searched for only in the presence of rocks rich in thorium-232). Surveys should be planned by identifying homogeneous water supply areas of each catchment basin and distribution area, and should be preceded by a study of geological and hydrogeological features; b. in areas where there are anthropogenic sources of artificial radioactivity that can contaminate drinking water; c. in all cases in which the screening has shown levels of radioactivity exceeding one of the screening levels for the gross alpha or beta activity. In-depth investigations samplings should be preferably performed in the collection points (wells or catchment points of drinking water).
Frequency of control
Screening activities. The suggestion is to repeat the sampling campaign and the measurements at least twice, in order to evaluate the range of variability of the measured values. Controls can be then repeated on the basis of a regional program. By the way, significant changes in natural radioactivity content are sometimes observed in aqueducts fed by several supply wells when the contribution from the different wells changes. In these cases, it would be appropriate to repeat the sampling during the first year -with frequency from monthly to quarterly -in order to determine ranges of maximum fluctuation of the measured concentrations. In-depth investigations. The frequency of controls should be evaluated according to the origin of the radioactive substances in water: -anthropogenic artificial radionuclide contamination (nuclear accident fallout, environmental discharges from operating plants, etc.). It is necessary to choose sampling frequencies suitable for monitoring the temporal evolution of the phenomenon. The sampling frequency must be defined accounting for water residence times and aquifer recharge times. Frequency values should never be below those in Table A2 ; -anthropogenic natural radionuclide contamination (e.g. presence Table A2 | Checking frequency in the event of water contamination from anthropogenic source. Modified from [5, 6] Volume of water distributed or produced each day within a supply zone Approximate size of the catchment basin.
Population served
Number of samples per year ≤ 10 5 l/day 500 people 1 > 10 5 l/day ≤ 10 6 l/day from 500 to 5000 people 1 > 10 6 l/day ≤ 10 7 l/day from 5000 to 50 000 1 + 1 for each 3.3 10 6 l/day and part thereof of the total volume > 10 7 l/day ≤ 10 8 l/day from 50 000 to 500 000 3 + 1 for each 10 7 l/day and part thereof of the total volume > 10 8 l/day > 500 000 10 + 1 sample for each 2.5 10 7 l/day and part thereof of the total volume HealtH risks from water and new cHallenges for tHe future of industrial activities utilizing materials with a high content of naturally-occurring radioactive materials, NORM). Initially, it would be good practice to repeat sampling and measurement twice at least, in order to highlight any significant changes in the radioactivity content. If the radioactivity content remains almost constant over time, controls may be repeated every two years. If the radioactivity content is time-variable, control frequency will vary from a minimum of one control per year to a maximum equal to the values in Table A2 ; -in the absence of well-known anthropogenic contamination phenomena. When the purpose of the in-depth investigation is to characterize waters from the radiometric point of view, it may be reasonably supposed that the radionuclides in water are of natural origin; if so their variability over time will not be significant. In this case, after the initial characterization, the need to repeat controls and their frequency should be assessed at the regional level.
Reference levels
Tritium. Under the DL.vo 31/01, the tritium reference level is100 Bq/l. Screening activities. For gross alpha and beta activity, values of 0.1 Bq/l and 1 Bq/l are proposed, respectively. If one or both these values are exceeded it will be necessary to determine any single radionuclide content contributing to the total radioactivity content. In this case, the radionuclides that must actually be searched for will be defined accounting for all available information on possible local sources of natural and/or artificial radioactivity. 
